VanD-type Enterococcus faecium BM4416 was constitutively resistant to vancomycin and to teicoplanin by synthesis of peptidoglycan precursors ending in D-alanyl-D-lactate. Like E. faecium BM4339, the only VanDtype strain described so far, BM4416 produced an impaired D-alanine:D-alanine ligase. Unlike for BM4339, which had a 5-bp insertion in ddl, inactivation of the gene in BM4416 was due to insertion of IS19.
Acquired glycopeptide resistance in enterococci is due to the synthesis of peptidoglycan precursors ending in the depsipeptide D-alanyl-D-lactate (D-Ala-D-Lac) instead of the dipeptide D-alanyl-D-alanine (D-Ala-D-Ala) (5) . The former considerably reduces binding affinity of glycopeptides for their peptidoglycan targets (2) . Inducible high-level resistance to both vancomycin and teicoplanin and inducible variable levels of resistance to vancomycin alone are due to acquisition of the vanA and vanB operons, respectively (1, 2) . Recently, a new glycopeptide resistance gene cluster, vanD, has been characterized in Enterococcus faecium BM4339, which is resistant to intermediate levels of vancomycin and to low levels of teicoplanin (6, 10 (6) . In this strain, a 5-bp insertion in the 5Ј part of the ddl gene is responsible for inactivation of Ddl and accounts for the lack of precursors terminating in D-Ala-D-Ala (6) .
E. faecium BM4416 was isolated from a stool specimen of a 59-year-old male treated with vancomycin after a liver transplant for alcoholic cirrhosis. This strain was resistant to vancomycin (MIC ϭ 128 g/ml) and to teicoplanin (MIC ϭ 64 g/ml); it was also resistant to erythromycin, penicillin G, and high levels of streptomycin.
BM4416 was identified as E. faecium by a PCR assay using primers specific for genes encoding D-Ala:D-Ala ligases in enterococci (7) . A PCR product was obtained only with the primer pair specific for the E. faecium ddl gene, but the length of the amplified fragment, approximately 2,100 bp, exceeded the expected length of 1,077 bp. Species identification was confirmed by PCR using two pairs of primers (8FPL-806R and 515FPL-13B) located in consensus sequences of rrs coding for 16S rRNA (11, 12) . Nucleotide sequences of the fragments amplified from BM4416 total DNA were identical to those from a control strain, E. faecium BM4107. PCR primers specific for resistance genes vanA, vanB, vanC-1, vanC-2, and vanD (7, 10) indicated that BM4416 was of glycopeptide resistance genotype vanD.
The cytoplasmic peptidoglycan precursors of E. faecium BM4416 grown with (4 g/ml) or without vancomycin were analyzed as described previously (13) a Peptidoglycan synthesis was inhibited by addition of ramoplanin to the cultures for 20 min. The individual precursors were characterized by amino acid analysis and mass spectroscopy.
(69%) terminating in D-Ala-D-Lac, UDP-MurNAc-tetrapeptide (24%), and UDP-MurNAc-tripeptide (7%). No significant amounts of UDP-MurNAc-pentapeptide were found (Ͻ1%). There were no differences between the peptidoglycan precursors produced from uninduced and induced cells. The precursors synthesized by BM4416 were qualitatively and quantitatively similar to those of E. faecium BM4339. As in E. faecium BM4339, glycopeptide resistance was constitutively expressed.
Organization of the vanD operon in BM4416 was determined by PCR mapping (Fig. 1) . Several pairs of primers, specific for each gene of the BM4339 vanD operon, were used in PCR experiments ( Table 2 ). The PCRs gave fragments with the expected size, indicating that all the genes constituting the vanD operon were present and in the same order as in BM4339.
The vanD gene clusters were assigned to a chromosomal location in BM4416 and in BM4339 by contour-clamped homogeneous electric field gel electrophoresis. Agarose plugs were prepared and digested according to the manufacturer's recommendations (37°C, 3 h, 0.01 U) with I-CeuI, an intronencoded endonuclease specific for rRNA genes (9). Fragments were separated on a 0.8% agarose gel using a CHEF-DRIII system (Bio-Rad Laboratories, Hercules, Calif.) under the following conditions: total migration, 24 h; initial pulse, 60 s; final pulse, 120 s; voltage, 6 V/cm; included angle, 120°; and temperature, 14°C. Fragments were transferred to a nitrocellulose sheet and hybridized (i) to an ␣-32 P-labeled 16S rRNA (rrs) probe obtained by amplification of an internal portion of the rrs gene with primers RW01 and DG74 (8) and (ii) to a vanH D DX D probe obtained by PCR with primers HD1 and XD2 ( Fig. 1 and Table 2 ). The rrs probe hybridized with five and four I-CeuI fragments from BM4416 and BM4339, respectively, and the vanH D DX D probe cohybridized with a 380-kb fragment from BM4416 and a 330-kb fragment from BM4339. These data indicate a chromosomal location for the vanD resistance operon in both strains and that the two isolates are distinct. D,D-Peptidase activities in E. faecium BM4416 were assayed in enzyme extracts from E. faecium BM4416 prepared as described previously (4) . Enzyme assays were performed with the S100 and C100 fractions of uninduced or induced (vancomycin concentration of 8, 16, or 64 g/ml) cultures of E. faecium BM4416 (Table 3) . Weak D,D-dipeptidase activity (VanX D ) was found in the cytoplasmic extracts from vancomycin-induced or uninduced cells (Table 3 ). This is in contrast with strain BM4339, in which no VanX activity was detected (13) . The difference in regulation of production of VanX D activity in these strains is currently under study. The amounts of D,Dcarboxypeptidase (VanY D ) activity found in membrane extracts of BM4416 and BM4339 were similar, and there were no differences between induced and uninduced cultures (Table 3 ) (10) . As observed previously in BM4339, the VanY D activity of BM4416 was completely inhibited by penicillin G (10 mM).
The unexpected length of the PCR product obtained with primers specific for the E. faecium ddl gene, the presence of UDP-MurNAc-tripeptide in the pool of peptidoglycan precursors, and the absence of pentapeptide were compatible with the fact that BM4416 produced an impaired D-Ala:D-Ala ligase. Amplification by PCR of the entire ddl gene with specific primers (Y. Gholizadeh et al., unpublished data) gave rise to a 2,100-bp fragment which was cloned into PCR2.1 (Invitrogen, Leek, The Netherlands) and sequenced. An insertion sequence, designated IS19, of 1,038 bp was found in the middle of the gene (Fig. 2) . Insertion of the element generated a 9-bp (TATCAATAA) duplication of target DNA corresponding to nucleotides 762 to 770 of the ddl gene. IS19 was flanked by 21-bp perfect inverted repeats and contained an open reading frame which exhibited 39% identity with the structural gene for c The activity was measured in the resuspended pellet fraction after centrifugation of lysed bacteria at 100,000 ϫ g for 45 min. a putative transposase in IS982 from Lactococcus lactis (15) . The presence of this genetic element accounts for the lack of synthesis of functional Ddl in E. faecium BM4416. As found for BM4339, the D-Ala:D-Ala ligase is not functional in BM4416. Constitutive expression of the resistance pathway, leading to production of modified precursors, allows growth of BM4416 in the absence of glycopeptides.
Resistance to glycopeptides in E. faecium BM4416 was due to synthesis of late peptidoglycan precursors ending in D-Ala-D-Lac. Constitutive resistance was encoded by a vanD operon closely related to that of E. faecium BM4339 and also located in the chromosome. Surprisingly, both VanD-type strains described so far produce an inactivated D-Ala:D-Ala ligase due to an insertion in the ddl gene. Differences in the levels of glycopeptide resistance of the two clinical isolates could be due to differences in the two-component regulatory systems or in individual resistance gene regulation.
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